Abstract. Hybridization within genera occurs more frequently in avian families and subfamilies where there is considerable male parental investment, less frequently in families with moderate levels of male parental investment, and rarely in lineages where males contribute only genetic material to their offspring. In addition, genera that show considerable male parental investment are typically less speciose than genera where there is reduced male parental investment. Species showing high levels of male parental investment, however, typically have more subspecies, indicating that local adaptation evolves in these groups, but reproductive isolation does not evolve. Some hybrid matings appear to involve females of one species showing an apparent preference for mating with larger or dominant males, even if these males are heterospecific (e.g., black and mallard ducks). Similar patterns occur in fishes, amphibians, and mammals, the other three vertebrate lineages that show extensive parental care. Hybridization in birds may be an evolutionary mechanism that allows increased genetic diversity and adaptability under changing environmental conditions, particularly environments disturbed by humans. It is also possible that new forms (incipient species) may arise through hybridization that are better adapted to disturbed environments than either parental species.
INTRODUCTION

Understanding the stability of naturally occurring hybrid zones in birds (Blair 195 1, Short 1969)
is problematical for two reasons. First, hybrid zones should be ephemeral because selection against hybrid offspring should lead to evolution of reproductive isolating mechanisms (Blair 195 1, Mayr 1963 ). Alternatively, if hybrid offspring are selectively favored, i.e., hybrid vigor, introgression should occur, leading to disappearance of the hybrid zone (Dobzhansky 1940, Sibley 1957 , Mayr 1963 , Barton 1979 ). Second, avian hybrid zones often occur in ecotones, including areas of disturbed and fragmented habitat (Rising 1983 , Moore 1977 , Panov 1989 . In ecotones and disturbed habitats hybridization is thought to be the result of either (a) low population densities or (b) ecologically distinct forms coming into contact in marginal habitat (Barton and Hewitt 1985, Harrison 1991 ). In such cases, hybridization is assumed to be the result of non-adaptive or even maladaptive behavior.
In recent years, however, it has been argued and demonstrated that hybridization in birds may not always be maladaptive (Cade 1983 1992). In this paper, we suggest that the pattern of occurrence of naturally occurring intrageneric hybrids in birds is non-random with regard to mating system, and may in fact result from adaptive behavior with evolutionary consequences.
We use as our starting point the "hybrid superiority" hypothesis of Moore (1977, Moore and Buchanan 1985) . Moore suggested that hybrids may be selectively equivalent, or possibly superior, to parental types in the habitats where they occur. Numerous studies of both animals and plants have provided support for the idea that hybrids may be, at the least, selectively equivalent to their parental species in certain habitats ( Our intent is to evaluate Moore' s hypothesis within the context of mate-choice in birds. In all birds, hybridization is the consequence of an active choice of a mating partner (Wilson and Hedrick 1982) . Although choice of a heterospecific mate is typically regarded as an error or a failure of an isolating or specific mate recognition mechanism (Mayr 1963 ), this need not always be the case. We argue that in certain circumstances, there may be benefits to such "erroneous" choices.
To develop this argument, we consider a possibility implicit in Moore' s hypothesis (1977) that if hybrids are at least selectively equivalent [6701 to parental types in some circumstances, there is no fitness cost against such matings. If instead, females choose a heterospecific male that provides adaptive benefits, e.g., higher quality male parental care, hybridization could be selectively favored. This is likely to lead to formation of stable hybrid zones rather than introgression if hybrids are equivalent or superior to parental types within the habitats comprising the zone (e.g., ecotones or disturbed habitats) but inferior to parental types in other habitats.
Mate choice may work through two alternative mechanisms. First, choice may be based on physical traits, such as color or size, for which there is an initial preference by the opposite sex and sufficient additive genetic variation. Such choices are considered "arbitrary" (Kodric-Brown 1990). Since models of the evolution of such traits (e.g., Lande 1981) focus primarily on the impact of the trait on male reproductive success, arbitrary mate choice, which is found in polygynous or promiscuous mating systems, could lead to a reduction in female fitness if the trait under selection lowered overall offspring viability.
Alternatively, females will gain adaptive benefits from males when choice can be based on the traits that contribute directly to the immediate fitness (reproductive success) of the individual making the choice ("adaptive" choice, Kodric-Brown 1990). In birds such choices might employ traits that are likely to serve as indicators of "parental quality" (quality of territory held, quality of food provided by the prospective mate; Nisbet 1973, Pierotti 198 1, Morris 1986). In most monogamous birds genetic and parental quality are not mutually exclusive; a superior mate probably indicates its overall quality through provision of food or territory (Nisbet 1973 , Pierotti 1987b .
It has been argued that mate choice based upon arbitrary criteria could lead to speciation through selection for success in intraspecific social competition (intrasexual competition; Lande 198 1, 1982; West-Ebcrhard 1983). The complement of this argument is that if female choice was based on traits involved in male investment, fitness benefits to females from male investment could counteract the selection typically assumed to occur against hybridization, and prevent the evolution of post-zygotic isolating mechanisms. This could reduce the rate of species formation in groups where parental care is important in mate selection.
In some species females might prefer heterospecific males that were superior at territory acquisition, provision of food, guarding of mate and offspring, or all of the above (see Wilson and Hedrick 1982 for a variation on this argument). This situation might apply especially where two closely related species differ primarily in size and each species shows a slight degree of sexual dimorphism, e.g., Lam gulls (see below). Where two such species breed sympatrically, small males of the larger species may not be chosen by conspecific females or able to compete with conspecific males for resources. These males would, however, be able to dominate males of the smaller species, and they might therefore be more attractive to large females of the smaller species, who would also have more difficulty in obtaining a conspecific mate. Similar situations might occur whenever conspecific mates are hard to find (Wilson and Hedrick 1982) .
Male parental investment at levels occurring in most monogamous birds (Kendeigh 1952 
RESULTS
MALE PARENTAL INVESTMENT AND HYBRIDIZATION
Birds show the highest occurrence of monogamy of any group of animals, with more than 90% of species being primarily or exclusively monogamous (Lack 1968 , Silver et al. 1985 . All monogamous birds have some male parental care. Hybridization is also more common in birds than in any other group of vertebrates (Mayr 1963 that there is a relationship between male parental investment and hybridization. Naturally occurring hybridization in birds was surveyed using Panov (1989) as our primary source (see Appendix). Other sources were included for specific families, subfamilies, and genera when they contained information not included by Panov. All families or subfamilies of birds from which intrageneric hybrids were observed were divided into three categories: (1) monogamous and sexually monomorphic, (2) monogamous and sexually dimorphic (sexual dimorphism was based upon large differences in size or plumage color), or (3) polygynous and dimorphic. Sexual dimorphism was based upon large differences in size or plumage color, so that slight differences in size, as occurs in Larus gulls (Pierotti 198 l), or slight differences in plumage color, as occurs in woodpeckers, were not considered as dimorphism for our purposes. Polyandrous families were considered to be monogamous and sexually dimorphic, since we examine the relationship from the perspective of female choice on male parental care.
We employed the family or subfamily as the unit of analysis because this level represents a compromise between the species level, where missing data pose problems, and the order, where heterogeneity could obscure relationships (Lack 1968 , Silver et al. 1985 . In a few cases where a family showed heterogeneity with regard to mating system and dimorphism, we treated each category as separate cases for analysis. Review yielded 90 families or subfamilies in which intrageneric hybridization has been observed (see Appendix and Panov 1989 for details).
The overall distribution among mating types can be seen for both passerines and non-passerines in Table 1 . Although there is no significant heterogeneity, families in which species are monogamous and sexually dimorphic are more common than expected among passerines, and (Panov 1989 ). The taxonomy of this group is in flux, and further study, including molecular systematics, will be necessary to establish the relationships within this group.
With regard to our predictions, gulls show extensive male parental investment, with males establishing and defending the breeding territory, feeding the female ("courtship" or mate feeding) for two to three weeks prior to egg-laying, sharing in incubation duties, and feeding and defending both the mate and offspring (Pierotti 198 1, 1987b) . Male gulls typically deliver significantly more food to offspring than do females, and aside from egg formation, probably expend far more energy during reproduction than do their mates (Pierotti 1981 , 1987b , Burger 1981 In both gulls and ducks some females that mate with heterospecific males have increased survival rates or reproductive success relative to females of their species that mate with conspecifits. Similarly, mixed species pairs of Geospiza (a monogamous, monomorphic genus of Passerine) show higher fitness (long-term breeding success) than pure pairs of either parental species (Grant and Grant 1992) . Such increases in fitness could lead to an evolved preference for males of another species. Over evolutionary time, this would prevent evolution of isolating mechanisms, and could lead to reduced rates of speciation in these lineages. Additionally, this could lead to increased numbers of subspecies as populations adapted to local conditions.
MALE PARENTAL INVESTMENT AND SPECIATION IN NORTH AMERICAN BIRDS
If we examine the relationship between male parental investment and speciation, there is strong evidence for our prediction that forms with greater male parental investment are less speciose, but have more subspecies/species. For example, geese, which are monogamous and monomorphic with extensive male parental investment, form many distinct subspecies, but relatively few species, whereas the dimorphic ducks which have no male parental care show the opposite trend (Mayr 1942 , p. 241-242) . In North America, there are three genera of geese (Branta, Anser, Chen) with only one to two species/genus but numerous subspecies/species. In contrast, the duck genera Anas and Aythya contain 10 and five species respectively (Robbins et al. 1983) .
Similarly, dividing North American passerines into sexually dimorphic and sexually monomorphic forms yields roughly 60% monomorphic and 40% dimorphic species (Lacy 1985) . Monomorphic forms typically show a higher level of male parental investment than dimorphic species, since monomorphic male passerines are more likely to: (a) participate in nest-building, (b) share in incubation, and(c) feed nestlings than males of dimorphic passerine species (Table 3 Monomorphic species have significantly more subspecies per species than dimorphic species (Table 4, (Table  4) . In contrast, 48% (67) ofmonomorphic species have three or more subspecies, compared with only 28% (29) of dimorphic species (19% (27) of monomorphic and 22% (23) of dimorphic species have two subspecies each). Overall, the difference between the two distributions is significant (Chi-square test, x2 = 9.65,0.001< P ~0.01).
Although subspecies can be considered incipient species (Mayr 1942 , p. 155) , the occurrence of numerous subspecies indicates that a species is differentiating and adapting to local conditions without evolving mechanisms that would lead to species formation (Zink and Remsen 1986). As a result, interbreeding among parapatric subspecies is likely to be frequent.
DISCUSSION
There appears to be a relationship between incidence of male parental investment and hybridization in birds. This supports the idea that, in some cases, females of one species may prefer mates of another species if heterospecific males give indications that they are superior parents (e.g., provide better or larger territories, provi-sion mates or chicks at a faster rate or with larger prey items). When heterospecific males are superior parents, as may occur in gulls (Hoffman et al. 1978), or are superior at guarding females from harassment (e.g., Mallards; Brodsky et al. 1988), reproductive success of females preferring heterospecific males could exceed that of females preferring conspecific males.
Lineages where this pattern is common may fail to evolve effective reproductive isolating mechanisms or specific mate recognition systems. Consequently, some lineages do not subdivide into biological species, but form numerous subspecies as they invade different habitats. In other cases, interbreeding species will be recognized as separate species, but still interbreed with close congeners to varying degrees.
Both situations will maintain diversity within species gene pools (Grant 1963 , Arnold 1992 ). Subspecies will show adaptations to local conditions that result in distinct phenotypes that can be consistently distinguished from each other (Zink and Remsen 1986) but still retain the capacity to interbreed, whereas interbreeding between recognized species will raise the level of genetic variation above the level for unhybridized populations (Grant 1963, p. 182) . In addition, hybridization may serve to introduce genetic variation (heterozygosity) into species that have experienced genetic bottlenecks, either as a result of reduced population size or strong selective events (Grant and Grant 1989) .
One likely characteristic of lineages that interbreed freely is, because they have numerous subspecies, they could occupy large geographic ranges. This appears to be true for most birds that show both extensive male parental investment and frequent hybridization. In North America, Common Flickers, Sapsuckers, Dark-eyed Juncos, Yellow-rumped Warblers, Rufous-sided Towhees, Northern Orioles, and Mallards all occupy ranges that extend from northern boreal forests well into Mexico (Robbins et al. 1983 ). In Eurasia, the Corvus coronegroup and the House Sparrow group occur throughout the entire continent north of the tropics. The "Herring Gull group" interbreeds freely throughout the northern hemisphere north of the tropics (Pierotti 1987a) .
Some forms are widespread without having been split into separate species, e.g., Canada Geese (Branta canadensis). Such species have evolved numerous subspecies that are readily identifi- (Grant and Grant 1989, 1992) . Evidence that supports this line of thinking is that many of these hybridizing lineages or species have been able to persist, and even in some circumstances to expand ranges and prosper in the face of major habitat alteration by humans (see Bullini and Nascetti 1990 for a similar argument for insects). Among species that hybridize regularly are gulls, crows, and Mallards, all of which are avian "weed" species in North America. This interbreeding between species may increase diversity within gene pools and could produce heterosis (hybrid vigor) in some forms (Manwell et al. 1962 (Manwell et al. , 1963 Grant and Grant 1989, 1992; Arnold 1992 Grant and Grant (1989, 1992) argue that hybridization restores genetic variation in the Large Galapagos Ground Finch, Geospiza fortis, after variation has been reduced by strong selective events.
Introgression may also be responsible for the production of new "species" in both animals and plants, including the widespread saltmarsh grass, Spartina anglica (Gray et al. 199 Finally, it is notable that human activities have left few habitats undisturbed, and have created ecotones and edges in many areas that were once unbroken single habitats. This creates situations under which hybridization should be expected (Moore 1977 , Harrison 199 1, Whitham et al.  1991 ). Consequently, we should expect hybridization to become more frequent. This is especially so if, as we argue, hybrid matings may yield higher reproductive success than same species pairings in ecotones and disturbed habitats.
Similarly, that some threatened species may interbreed with other, less threatened, species should not affect their taxonomic or threatened status (see O' Brien and Mayr 199 1 for a variation on this theme). These lineages are threatened or endangered because of habitat alteration or destruction in many cases, and interbreeding may be a mechanism that allows these forms to respond to the altered environment. The hybrids produced will carry some of the genes of both parental forms and may give rise to new forms capable of surviving in altered habitats. If biodiversity is to have meaning, it is essential that we conserve the genes of endangered species rather than some abstract, Platonic phenotype recognized by classical taxonomy. GRANT 
